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I. Introduction. 


Preliminary:- Concrete construction has had a remarkable 


developement in the last decade and is now regarded by en- 
| gineers and architects generally as a safe material of construc~ 
tion with a wide field of economic application. Before any 
investigations were conducted all concrete structures were made 
with a large factor of safety, thereby necessitating the using 
of an extravagant amount of material. However, during the last 
few years tests and investigations have been carried on, and 
some of the outstanding uncertamties have been at least partly 
determined and there has been rapid progress in establishing 
"economic usage in concrete construction? 

A great many testa have been made upon small specimens such 
as cubes and cylinders, but the results obtained from such ex-~ 
periments do not allow a comparison between the strength of 


the cubes and cylinders and the corresponding columns, for it 


has been found that the strength of the cube is considerably 
greater than the strength of columns made of the same mixture. 
Scope of the Work:- 

Although there has been a number of experiments on con- 
crete columns, both plain and reinforced, there has been no 
test made to investigate primarily, the effect of repetitive 
loading. This thesis has to do with the effects of sucha 
loading upon concrete columns. The tests suggest many topics 


for investigation, of which only a few are taken up and dis~ 


cussed to some extent, and even these could not be gone into as 
thoroughly as was hoped by the writers. An effort will be 


made to find a relation between the number of repetitions which | 
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2 
caused failure and,(1) the ratio between unit stress at which 


failure occured and the probable ultimate strength for contin- 
uous loading: (2) the ratio between modulus of elasticity and 
the modulus at failure: (3) the average ultimate unit deform- 
ation: and (4) the maximum ultimate unit deformation. 

By “probable ultimate strength for continuous loading” as 
used in this thesis, is meant the strength which it has been 
estimated, the column would have shown if it had been loaded 
continuously to failure. 

By modulus of elasticity is meant the ratio of the unit 
stress to the unit deformation. Ths maximum ultimate deform- 
ation is obtained by dividing the greatest deformation by the 
gauge length. 

Notes on concrete columns:- 

For reference to tests on concrete columns the following 
data are given. | 

The first to pereenenere concrete columns very extensively 
was M. Armound ieubedansic Impecteur General des Ponts et 
Chavssies of France. 

In 1902 Considore carried on a series of experiments on 
plain and hooped columns. A series was conducted at the Mass- 
achusetts Institue of Technology where reinforced concrete col- 
umns, made in a vertical position were tested in a horizontal 
position. The lengths were 6, 12, and 17 feet and the cross 
sections were 8x8 inches and 10x10 inches. 

Another serios of tests was made at the United States 
Arsenal at Watertown. This series was conducted very carefully 


and compares very well with the tests made at the University 
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of Illinois experiment station. 

Three series of column testa have been made at the Labor- 
atory of Applied Mechanics at the University of Illinois. The 
first series made in 1906 is reported in the thesis of Mr. R.C. 
Llewelyn '06, and in Bulletin No.10 of the University of T1ll- 


inois Engineering experiment Station. Tosts were made upon 


plain and reinforced columns. All columns were made square in 
cross section, the dimensions being 12x12 inches and 9x9 inches, 
The lengths were 6 feet,9 feet and 12 feet. The second serics 
made in 1907 is reported in the thesis of Messers. C.L.Mowdoer, 
C.E.Hoff and Sidney Grear, class of '07, and in Bulletin No. 20 
of the University of Illinois Engineering Experiment Station. 
The columns were all round, a few being 9 inches in diametor 
and the remainder 12 inches in diameter. The third series was 
made in 1908 and is reported in the thesis of several members 
of the senior Civil Engingering class for that year. 

All of the above tests were made on plain and reinforced 
concrete columns, and applying the load continously to failure. 
It is the object of testa reported herein to investigate the 


effects of repetitive loading on plain columns. 


Division of work:-— 
The work of this thesis was divided as follows. Mr. Mc- 
Elhiney and Mr. Swisher are together responsible for the compu- 


tation of data, plotting of curves,and conclusion. The intro- 


duction and discription of materials were written by Mr. Mc El- 
hiney, while the description of apparatus and method of testing 
were written by Mr. Swisher. 
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4. 
‘TI, Materials. 


The materials used in making these tests may be considered 
ag representative of the best used for this class of work in 
this section of the country. 

Some of the columns tested were made in 1907 and the others 
were made in 1908. As there was likely to be variation from 
year to year in the materials used a table is given for each 
material, showing its properties and indicating the year in 
which it was used. 

The Chicago A.A.Portland cement was bought in the open 
market. The Universal Portland cement was furnished for these 
tests by the manufacturers. The stone and sand were bought in 
the open market. 

Stone:- The stone was a good quality of crushed limestone 
from Kankakee, Illinois. It was ordered to pass through a one 
inch screen and over a one fourth inch screen. fhe stone used 
for the columns made in 1907 tested about fifty per cent voids 
and weighed eighty five pounds per cubic foot. ( Bulletin No. 20) 
The stone used for the columns made in 1908 contained about 
fifty per cent voids and weighed about eighty one pounds per 
cubic foot. (Bulletin No.28). Table 1, taken from Bulletin No. 
20 gives the average of several mechanical analyses of stone 
for columns made in 1907. Table 2,taken from bulletin No.29, 
gives the average of the tests of nineteen samples of the stone 
used in 1908. 

Table 1. 
Mechanical Analysis of Stone. 
Series of 1907. 
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1 1/4 inch 


Mechanical Analysis of Stone 


Size of Mesh 


1 
3/4 
1/2 
3/8 
1/3 
1/5 
1/10 


Cement: - 


Table No,2. 


inch 


5 
Per cent Passing 


100 


2 


Series of 1908. 


Per cent Passing 


100 


41 
22 


The cement used in the columns was either Chicago A.A 


Portland or Universal Portland. 


Table 3, taken from Bulistin 


No.29, gives the results of tension tests of these cements 


made in 1907 and 1908. 


Strength of Cement 
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Ref. Ultimate Strength lb. per sq. in. 


No. Chicago A 4A Cement Universal Cement 
7 Age 7 days Age 28 days Age 7 days Age 28 days 
Neat 1-3 Neat 1-3 Neat 1-3 Neat 1-3 
Series of 1907. 


l. 786 230 811 265 410 187 680 370 
2. 683 145 851 235 470 200 670 330 
3. 760 218 861 3225 3560 120 560 360 
4, 786 186 760 2870 405 145 570 290 
5. 866 215 965 265 520 195 600 295 
6. 615 . B11 935 287 310 180 620 310 
Av. 783 201, 864 #258 379 171 617 526 


Series of 1908. 


1. 559 §=145 707 = B47 565 244 764 519 
Be 732 8 =192 857 86318 809 248 885 336 
3 665 175 779 «= 866 728 832 776 = 285 
4. 8ll 227 833 307 699 242 754 292 
5. 666 182 792 284 7028 229 763 315 


@." e968 192) «vai aes ON es 
Te 719 206 767 303 an She fare ides 
Av. 692 188 788 387 701 239 788 


The analyses of the fineness of the cement are given in Fable 
4 which is taken from Bulletin No.29. 
Table 4. 


Mechanical Analysis of Cement. 


Sieve Series of 1907 Sieve Series of 1908 
No. Per cent passing No. Per cent passing 
Universal Chicago A.A. Universal Chicago A.A 


| 74 98.6 96.4 74 99.3 98.2 | 
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100 96.2 91.2 100 98.5 95.0 
200 80.9 69.8 200 90.1 80.6 
Sand:=- . 


The sand was of good quality, sharp, well-graded, and fair- 
ly clean. It contained twenty-sight per cent voids as deter- 
mined by pouring sand into a vessel partly filied with water. 

The weight of the sand was one hundred and three pounds per cubic 
foot loose. It comes from the Wabash river near Attica, Indiana. 
Table number five gives the mechanical analysis of the sand. 
The table was taken from Bulletin number twenty-nine. 
Table 5. 
Mechanical Analysis of Sand. 


Sieve No. Separation Per cent Passing 
Size 
Inches 1907 1908 
3 mon mae 98 
5 »174 100 87 
10 »091 81 63 
18 »043 53 37 
50 027 35 20 
40 019 24 11 
50 013 14 
7A ~909 r( 2 
150 — 2 
Concrete:- 


Men accustomed to mixing concrete made the test specimens 
and an effort was made to have the concrete as good as would 


be used in best practice. All materials were proportioned by 
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loose volume, and the weights were taken as a check on the 
measurement. The mixing was done by shovels by hand. the sand 
and cement were first mixed dry. The stone which had previous- 
ly been thoroughly moistened was then added and this was turned 
until uniform in appearance. Water was then added in such pro- 
portion as to give a fairly wet mixture, as this permitted the 
tamping into the forms to better advantage than could have been 


possible if a dry mixture had been used. The turning of the 


concrete three times after the water was added was usually 


sufficient to secure a uniform mixture. 


I1l1. TEST SPECIMENS. 
Forms for Columns:- 

The forms for the cylindrical columns “were of galvanized 
sheet steel bent into a cylindrical shape and held in posi- 
tion by bands one inch wide: and three sixteenth inchs thick. 
The bands could be adjusted to the proper diameter by means 
of bolts. The forms were built in sections two and one half 
feet long and fitted together in stovepipe fashion? The form 
for cylindrical columns is shown in figure two. The form for 
making the square columns is shown in figure one. The sides 
are continuous from end to end and are made of two-inch plank 
planed on both sides. The forms were soaked in water for a 
few days before being set up. This prevents them from absorb- 
ing moisture from the concrete and kept the aides from warping. 
The forms were twelve inches square on the inside. hey were 
set up on a baseplate fourteen by fourteen by one and one fourth 


inches and were held in place by adjustable yokes. 
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11 
The forms for the twelve inch cubes were of the ordinary 
wooden type, two in a set; those for the six inch cubes were 


of steel, three ina set. 


Making of concrete:~- The concrete for each column and for the 


correspomding auxiliary specimen was mixed in one batch. The 


form was set up on a cast iron base plate fourteen by fourteen 
by one and one half inches, which being planed om both sides, 
servedasa bearing plate in the column test. [n making the 
cylindrical columns, the forms were built up in two and one 
half foot sections, each section being filled before the next 
was added. The concrete was put in layers of about six inches 
and tamped or churned until water flushed to the surface. 

The square columns were made in a similar manner except 
that the forms were set up complete before being filled. All 


forms remained in place about ten days. 


Storage:- fhe columns were built near the walls of the testing 
room of the Laboratory of Applied yechanics and remained in 

a vertical position until the time of the test. When the forms 
were remeved the columns were wetted twice daily for several 
weeks. The temperature of the room varied from fifty five de- 
grees F. to seventy degrees F. fhe twelve inch cubes were 
stored in the open air of the same room. The six inch cubes 


and cylinders were stored in damp sand. 


General Data of Test Specimens:- In table six is given the 
general data of the columns tested. Additional data taken 


during the tests is given in the discussion. 


12 


Table 6. 
No. Mixture Length Area Age Per cent by weight of; 
H sq. in. Days cement sand stone water, 
8056 1-1-2 6 144 648 28.28 29.18 48.54 10.5, 
8053 1-1-2 6 144 738 22.71 28.92 48.37 7.97 
8063 1-2-4 6 144 674. 12.60 33.62 53.78 7.76 
8065 1-2-4 6 144 692 12.43 33.02 54.45 8.77 
8066 1-2-4 6 144 674 12.70 32.79 54.51 8.58 
165 1-24 10 116 1017 13.01 31.37 55.67 9.97% 
167 1-d-4 LO 116 L043 13.08 32.06 54.86 9.39 
1700 1-2-4 10 116 1016 13.41 32.59 54.00 10.29 
8072 1-3-6 6 144 678 8.34 34.20 57.46 8.18 
8074 1-3-6 6 144 717 8.84 33.77 57.39 8.65 
8076 1-3-6 6 144 665 8.91 33.81 57.28 6.42 


* Per cent of combined weight of sand stone and cement. 
Testing machines used:- 

All of the columns and the twelve inch cubes were tested 
in the 600,000 pound Riehle vertical screw machine of the lab- 
oratory of Applied Mechanics. 

The six inch cubes were tested in the Olsen testing machine 
of 200,000 pounds capacity. 

Measuring Devices:- 

The longitudinal deformations were measured by four exten- 
someters, which so multiplied the deformations that it was 
possible to read to ten-thousandths of an inch with probable 
error of perhaps plus or minus two ten-thousandths. The 
arrangement was such as to give practically two independent sets 


of readings; as opposite dials were carried on the same yoke. 
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13 
Figure (3) shows the position of the instruments on the column. 


The distance between centers of corresponding yokes was one 
hundred inches for the ten. foot columns, making the gauged 
length about twenty inches less than the length of the column. 
The twenty inches were divided about squally above and below 
the gauged length. The gauged length of the six foot column 
was fifty inches leaving about ten inches of the column above 
and ten inches below the gauged length. 

The yokes: were placed symmetrically with respect to the 
middle of the length of the column. The dials were on the 
lower set of yokes. The two yokes of each set were three inches: 
apart. The centers of the top yokes were connected to the drums 
of the dials on the corresponding lower yokes by a number thirty- 
six copper wire. The wire was wound with thread to avoid 
slipping on the drum of the extensometer. The wire was wrapped 
around the drum once in such a way as to make the pointer 
travel in the direction of graduations. A small weight was 
attached to the end of the wire to keep it taut. 

General Method of Testing:- 

From a few hours to a few days before testing, a plate sim- 
ilar to the base plate shown in Figure (1) was set on a plaster 
of Paris cushion on top of the column to serve as a top bear-— 
ing plate during the test. The top and bottom plates were 
connected with rods in order to carry the columns to the ma- 
chine in an upright position. 

Figure 6 shows a column in the machine, in position, 
immediately after testing. Care was taken to get the top of 


the column centered directly under the head block of the machine. 
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If the column did not stand plumb the variation from the vertical 


was measured and a record made. 

A speed of four tenths inch per minute was used on all 
test pieces except that of column number 8,072. This test was 
begun with a speed of one tenth inch per minute but this was 
found to be too slow to be practical for a large number of re- | 


petitions. At a load of 43,200 pounds the speed was changed 


from one tenth to four tenths inches per minute and the latter 
speed was used in all subsequent tests. 

The load was applied through a spherical bearing block 
which was carefully centered on the column. An initial load of 
about ten thousand pounds was applied after which the instruments 
were set at zero. More load was then applied and the instru- 
ments were read at increments of from 15,000 to 25,000 ,pounds 
until a load giving a unit stress of about five hundred pounds 
per square inch was reached, when the instruments were again 
read. The load was removed until the initial load alone re- 
mained and the instruments read. The above load was then re- 
peatedly applied and removed, readings being taken at fuli load 
and initial load, about every five repetitions. The readings 
were promptly plotted on coordinate paper, to observe the per- 
formance of the specimen and the instruments . After several 
applications of a given load, if the diagram, indicated that it 
would take too long for that load to cause failure a larger 
load was applied. This operation was continued until a load 
was reached that would finally cause, failure. The object was 
to find the smallest load that would cause failure by not over 


three hundred or three hundred and fifty repetitions. The 
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16 
initial load was always returned to after each application. In 


all cases the machine was stopped and the beam balanced before 


reading the instruments thus the readings were taken at from ten 


to fifteen seconds after the machine was stopped. 


IV. Observed and Gomputed Data on Columns. 


Column 8056. 


Load No.. of Unit Deformation 
Total Unit Repetitions Average Maximum 
10500 70 0 -~ 00000 + 90000 
24300 170 1 00004 00004 
47300 330 i ~00011 00012 
71700 500 1 ~ 00017 -00020 
10900 70 Al 00002 - 00004 
71500 500 10 .00018 - 00020 
10600 70 10 00003 ~ 00004 
103000 710 Bs -00028 00032 
115700 800 X -00031 - 00036 
145000 1000 a ~00040 00048 
10600 70 1 00006 00012 
154200 1000 15 ~00045 00056 
10600 70 15 00008 00012 
181000 1260 1 »00052 - 00064 
216200 1500 2 . 00065 - 00080 
10500 70 1 »00011 00020 
217000 1500 15 ~ 00069 - 00084 
10500 70 15 »00013 - 00020 
240800 1670 - ~00075 - 00088 
260000 1800 1 00082 - 00096 
10400 70 1 ~00014 00020 
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266300 
10400 
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Failure began at the thirtieth application. 
‘Mixture 1-1-2 
Age 648 days 
Area 144 square inches. 
North east extensometer gave maximum reading. 
Gauge length 50 inches. 
Column 8058 


Load No. of Unit Deformation 


Total Unit Repetitions Average Maximum 
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10700 70 1 + 00000 «90000 
90500 570 15 -00011 - 00016 
11000 70 15 «90001 + 00000 


119500 830 Bi -00017 » 00020 
153000 1060 sk 00022 «00028 


11000 70 si » 00001 - 90000 
154500 1060 15 - 90023 - 00028 


11000 70 15 90002 + 00000 
181500 1260 d «90027 «00032 
211000 1460 i 90032 ~ 90040 


11000 70 1 + 00002 » 00000 
212000 1460 15 00003 « 00004 


250000 1740 1 + 900039 - 90048 
287500 2000 i 0004.7 ~ 00056 


11600 70 Z «00003 + 00004 
291000 2000 45 00056 - 90068 


11000 70 45 ~ 00010 - 00012 
526000 2260 1 00062 - 90072 
360000 2500 z= - 00069 - 00080 


11000 70 i ~90011 » 00016 
562000 2500 45 00073 00088 
432000 3000 1 90086 » 00100 
TA000 "FO ri 00012 - 00016 
436000 3000 40 - 00099 -00116 
11000 70 40 -00019 «00028 
470000 3260 a + 00104 - 00120 
505000 3500 1 -O0111 00128 
11000 70 i 00020 » 00028 
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509000 
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622000 
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.00028 
.00132 
00149 
.00034 
.00202 
.00052 


00148 
- 00040 
- 00160 
- 00180 
- 00052 
«00250 
- 00100 


Failure occured at sixth application of the load. 


Mixture 1-1-2 


Age 738 days 


Area 144 square inches. 
North west extensometer gave maximum readings. 
Gauge length fifty inches . 

Column 8065 


Load No. Of Unit Deformation 
Total Unit Repetitions Average Maximun 
10200 70 0 -00000 00000 
27000 190 i ~00007 . -00008 
50500 350 i » 90024 ~90020 
73000 510 1 -00038 ~00032 
10200 70 1 ~00010 - 00008 
76800 530 15 00039 00036 
10100 70 15 .00009 ~—S>--.00008 
98600 690 1 - 00053 ~00052 
123200 850 i »00072 - 00068 
10100 70 i »00025 »00024 
124 000 850 30 -00086 - 00084 
16200 70 30 »00032 »00032 
144000 1000 1 00097 00096 
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143800 
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160000 
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10400 
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«00051 
~00155 
2 00256 


-» 00036 
» 00116 
90048 
- 00124 
» 00052 
» 900196 
+ 00520 


Failed on the 256 th application of load. 
Mixture 1-2-4 
Age 692 days 


Gauge length fifty inches. 


North west extensometer gave the maximum reading. 


Column 8063 


No. of Unit Deformation 


Unit Repetitions Average Maximum 


10800 
85200 
11300 
85500 
10200 
161000 
129000 
16900 
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-00030 
-00007 
» 00032 
- 00008 
~00037 
» 00053 
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- 00000 
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» 00032 
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+00052 
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129200 
10900 
150500 
172500 
10700 
174500 
11200 
195000 
10900 
195000 
11400 
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+ 00063 
00075 
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+» 00085 
~00028 
00097 
- 00032 
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-~00129 


- 00060 
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» 00068 
-00076 
00024 
»00088 
-00028 
~00100 
~ 00036 
~ 00262 
~00128 


Column failed on fifty first application. 
Mixture 1-2-4 
Age 674 days 


South west extensometer gave the maximum readings. 


Gauge length fifty inches. 


Area 144 square inches, 
Column 8066 


Load No. of Unit Deformation 


Total Unit  Repetitions Average Maximum 


10700 
4.0000 
71000 
10900 
71600 
10000 
100500 
143000 
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10500 -000723 ~00080 
148000 1000 -00236 00294 
10000 70 a 100183 .002 74 
Failure occurred with third application of load. 


Mixture 1-2-4 


Age 674 days 
Area 144 square inches 


The south east extensometer gave the maximum readings. 


Gauge length 50 inches. 


Column 167 


Load No. of Unit Deformation 


Total Repetitions Average Maximum 


104 00 
28900 
57800 
10400 
57700 
10400 
70800 
87000 
101000 
120000 
139000 
1583000 
10400 
158200 
11000 
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00004 
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000028 
-00081 
+» 00026 
-00031 
~ 00040 
-00046 
+ 00054 
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- 00062 
-00012 


¢ 00000 
- 00008 
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000280 
+ 00004 
00026 
«00032 
00040 
«00050 
00058 
» 00074 
- 00022 
00082 
+ 90026 
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179000 
11000 
179000 
11000 
198000 
216600 
225000 
11000 
225000 
11000 


Failed suddenly on thirty 


1540 
90 
1540 
90 
1710 
1870 
1930 
90 
1930 
90 


Mixture 1-1-4 


Age 1043 days. 


Area 116 square inches. 
The south east extensometer gave the maximum reading. 


Gauge length, one hundred inches. 


Load 


Total 
10200 
24200 
56500 
10200 
56300 
10500 
75000 
105300 


Unit 
90 
200 
470 
90 
470 
90 
650 
910 
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00074 
900016 
00081 
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90099 
¢ 00023 
» 00160 
- 00070 


- 00092 
«90030 
« 00096 
- 00030 
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- 00043 
- 00208 
» 00098 


fourth application. 


Column 165. 


No. of 


Repetitions 
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112700 
10600 
113000 
10800 
124000 
147500 
170600 
10800 
170100 
10900 
130200 
217500 
11000 
214000 
11000 


Failed while making the eighth application. 
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1870 
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Mixture 1-2-4. 


Age 1017 days. 
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Area 116 square inches. 


South east Extensometer gave maximum reading. 


00047 
90010 
»90051 
»00014 
- 00054 
00066 
00080 
-00081 
00090 
00027 
00097 
»00121 
00041 
00147 
«00059 


Guage length one hundred inches. 


Load 
Total Unit 
10600 90 
26000 220 
56000 480 


Column 170. 

No. of Unit Deformation 
Repetitions Average Maximnun. 
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10600 90 1 ,00002 .00002 
57800 480 15 00018 .00020 
10500 90 1 .00003 .00004 
62800 540 1 £00020 . 00022 
85000 750 zi . 00028 . 00032 
115000 990 1 00041 . 00046 
10500 90 1 00008 00010 
116600 990 20 00046 90094 
10500 90 20 00011 000016 
141600 1220 1 00055 00062 
170000 ~=-:1470 1 00068 00078 
10500 90 1 00017 00024 
171000 1470 20 00077 00090 
11000 90 20 00021 . 00030 
200000 1720 1 .00089 .00102 
11000 90 1 .00086  — .00036 
200000 1720 170 00122 .00162 
11200 90 170 00047 .00080 


Column failed on one hundred eighth application of load. 
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Mixture 1-2-4 

Age 1016 days. 

Area 116 square inches. 

South east Extensometer gave maximum readings. 
Gauge length, one hundred inches. 


Column 8072 


Load (1b) No.of Unit Deformation 


Total Unit Repetitions Average Maximun 
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7800 54 0 .00000 .00000 
14400 o50))-° 1 00006 00004 
7800 54 1 00002 00004 
14500 100 =~ 9 .00006 .000128 
28800: 300 1 .00019 00032 
8000 ee .00006 .00012 
a9200 300... 10 - ,00022 .00036 
7900 54 10 00007 00022 
45800. 880. 1 00036 00052 
7800 54 1 00013 90020 
42500 295 20 00048 .00068 
57300 400... 1 00045 .00076 
8900 Ales A 00024 .00036 
57600 400 20 00063 .00088 
7700 54 20 . 00029 »00044 
73000 500 1 .00079 00108 
7500 co aaa | 00039 00056 
71800 500 6 ..00092 00124 
74.00 54 6 00045 00064 


Shearing began after seventh application of load. 
Mixture 1-3-6 

Age 678 days 

The south east extensometer gave the maximum readings. 
Gauge length 50) inches. | 


Area 144 square inches. 
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Load (1b) 


Total 


10500 
20000 
4 7000 
11000 
48700 
11000 
61400 
83300) 
11000 
85800 
11000 
L067,00 
11200 
108300 
9800: 

10400 


108200 


10800 
25400 
51400 
78200 
109600 
129000 
10500 


Unit 
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Unit Deformation 


Average 


.00000 
.00006 
..00025 
.00008 
00026 
.00008 
.00033 
00050 
00015 
.00059 
. 00020 
. 00073 
.00027 
.00089 
. 00036 
.00000 
.00066 
.00015 
.00025 
.00042 
. 00056 
«00069 


- 00082 
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«00012 
- 00036 
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» 00024 
- 00084 
«90032 
-00148 
00084 
+00000 
+00080 
00024 
.00036 


- 90056 


-00068 
00080 
» 00096 
90036 


a 7 


122000: 850 69 
10500, 70 69 


Failed on seventieth application. 
Mixture 1-3-6 


Area 144 square inches 


Age 717 days 
South east extensometer gave maximum 
north west gave maximum. 


Gauge length 50 inches 


Column 8076 
Load No.. of Unit Deformation 
Total ‘Unit Repeti- Average Maximum 
tion 

10500 70 0 «00000 - 00000 
34300 280 1 - 00024 00024 
10500 70 1 » 00009 «00008 
58500 290 40 00043 » 00044 
10500 70 40 - 00023 » 000A 
59000 410 1 00062 » 00064 
72000 500 1 00085 00088 
10500 70 a 00045 00048 
72000 500 70 «00180 00188 
10500 (Ae) 70 00131 00140 
89000 620 1 .00191 00196 
100000 690 1 ness nee 


«00225. 
00160 


° 002528 
00180 


readings until set out then 


Column failed under first application of 100000 pounds. 


Mixture 1-3-6 Area 144 square inches 


Age 665 days Gauge length 50 inches 


North east extensometer gave maximum readings. 
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V. Discussion of Tests. 


Stress—Deformation Diagrams:-— For each column is 


drawn a stress-deformation curve,the ordinates representing 


the load in pounds per square inch and the abscissas,the unit de- 


formation as determined by the extensometer readings for the. 
gauge length used. These deformations are the average of the 
four readings taken from the extensometer on the four faces of 
the column and are for the first application of each load. Dur- 
ing that part of the test in which the number of repetitions of 
load was small it is probable that the curve shown resembles 
very closely the curve that would ae ai ciwed if the column 
had been loaded continuously to failure. Assuming this as true 
and that. the ultimate unit deformation is the same as would 
have been obtained for continuous loading, a parabola is deter- 
mined which agrees well with the lower part of the stress—de- 
formation curve and which has as abscissa of its vertex the 
ultimate unit deformation found for the column considered. 
Since it has been found that the stress—deformation 
eurve-of concrete closely approaches a parabola with its vertex 
at the ultimate load, and passing through the origin, and since 
Figure 10 shows that the ultimate unit deformation is almost 
independent of the number of repetitions, it may be assumed that 
the ordinate of the vertex of the parabola above determined will 
give the strength which the column would have shown under con— 
tinuous loading to failure. 
Methods of Failure:-— In general there were two distinct 


forms of failure:- (a) a failure by diagonal shearing, and 
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(6) a failure by general crushing. 


In figures 4 and 5 are sketches copied from original 
sketches made at the time of test. Columns 8066,. 8072, 8076,. 
8063, 165, 167 and 170 failed by diagonal shearing while columns 


8056 and 8065 failed by simple crushing. Figure 6 is a view 
of a typical diagonal failure, and figure 7 is one of simple 
compression failure. 

The failures were not ae cock in character, that is, some 
failed suddenly with a loud metallic report while others failed 
gradually unaccompanied by a report. 

It may be interesting to note that out of the eleven 
columns tested, the maximum deformation for six of them was read 
on the southeast extensometer, two each on the northwest and 
northeast, and one on the southwest. No explanation can be 
given for this at this time. 

Strength:— In table seven column eight is given the ulti- 
mate unit stress of each column; in column seven is given the 
probable ultimate unit stress if the columns had been loaded 
continuously to failure. These latter values are the ordinates 
to the vertices of the parabolas described on page40 » and re- 
present the strength which it is assumed would have resulted 
if the columns had been loaded continuously to failure. The 
average strength of the 1-1-2 concrete columns is 3400 pounds 
per square inch. The 1-2-4 concrete gave an average of 1150 
pounds per square inch for the square columns and 1840 pounds 
per square inch for the round columns. This makes an average 
of 1490 pounds per square inch for the 1-2-4 concrete. The av~ 


erage for the 1-3-G mixture is 670° pounds per square inch. 
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46 
The average for the 1-2-4 mixture was 1350 pounds per square 
inch for the square columns and 1930 pounds per square inch 
for the round columns. The average for the 1-3-6 mixture was 
670 pounds per square inch, with a maximum of 900 pounds per 


square inch. 


Table 7 gives the ratio of the probable ultimate unit 


strength for continuous loading, to the actual ultimate unit 
strength. Figure 8 shows graphically the relation between these 
ratios and the richness of the concrete. From this curve it is 
seen that the richer the mixture, the nearer the probable unit 
strength is to the actual unit strength. 

In figure 9 are plotted the ratio of the probable unit 
strength for continuous loading to the actual unit strength as 
ordinates and the number of repetitions of the load which caus- 
ed failure as abscissas. It was assumed before the tests that 
this ratio would increase with the number of repetitions of this 
load, without regard to the number of repetitions of lower 
loads, but this cannot be substantiated from the diagram. The 
reason for this inconsistency is probably that the application 
of the lower loads had more effect upon the strength of the 
column than was anticipated. 

No conclusion can be drawn from this diagram as to the 
relation between the ultimate unit strength and the number of 
repetitions of the load which caused failure, but the conclusion 
in the summary was arrived at by investigating the effects of 
the lower loads as shown on the stress deformation diagrams for 


the individual columns. 
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47 
In figure 10 are plotted the maximum and the average 
ultimate unit deformation as ordinates, and the corresponding 
number of repetitions as abscissas. While this diagram seems 
to indicate a slight increase of ultimate unit deformation for 
an increase of repetitions, because the points are scattered it 


was considered that the number of repetitions had no effect 


upon the ultimate unit aGeformations. 


Figure 11 shows the relation between the ratio of the 
initial modulus of elasticity to the tangent modulus at the 
point of rupture, and the number of repetitions required to 
cause failure. This ratio is found in column 4 of table 7. 

This diagram shows that this ratio decreases from a maximum 
value of eight for the least number of repetitions to the 

value of one and a quarter for the columns taking a large number 
of repetitions. 

Table 7 shows both the initial and the tangent moduli 


and also their ratio. 
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48 
Table 7. 


Col- Modulus Mix- No.of Ug Unit 
Proba- Strength 
umn Initial *At ture Reps. ble Unit at Fail- 
Strength ure 
No. Failure of Max. Contin- 
uously U, 
Load Loaded. 


8056 2715000 750000 3.62 2600 2540 1.023 


8058 5770000 200000 2.88 4350 4320 1.006 
8065 1310000 938000 1.39 1480 16 1.333 
8063 2480000 125000 1.98 1900 1350 1.410 
8066 1600000 305000 5.25 1220 1000 1.220 
167 2920000 990000 2.45 2350 1930 1.218 
165 4000000 985000 4.06 1950 1870 1.041 
170 8880000 117000/3.32 1960 1720 1.1359 
8072 1050000 310000 3.39 550 500 1.100 


8074 1250000 101000 1.24 1-3-6 1550 900 1.722 


8076 2100000 254000 8.58 1-3-5 820 620 1.321 


* Determined from the tangent to the stress deformation 


curve at maximum load. 
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Summary. 


In the investigation of the effect of repetitive loading 


on concrete columns the number of test specimens for each mixture 


is not large enough to form final conclusions, but the following 


statements may be made: 


1. Under repetition of a given load the longitudinal 


deformation increases, the total deformation and resulting set 


soon becomes constant for the smaller loads. For the higher loads, 


the deformation and the resulting set gradually increase with the 


repetition of the load, and finally failure occurs at a somewhat 


smaller load than that at which it would have failed, had the 


columns been loaded continuously to failure. 


@. The ratio of the initial modulus of elasticity to 


the tangent modulus at rupture decreases with the number of repe- 


titions. 


3. The ultimate unit deformation remains about constant 


regardless of the number of repetitions. 


4.. The ratio of the probable ultimate unit stress to the 


actual ultimate stress increases with the number of repetitions. 


5. For a lean mixture the ratio between the probable 


strength for continuous loading and the actual unit strength is 


An 
larger for richer mixtures. 


6. Rich concrete is less affected by repetition of load 


than lean concrete. 
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